We examined the degree of intraspecific differentiation of the mitochondrial cytochrome b gene (Cytb) of the Jungle Crow, Corvus macrorhynchos, in East and South Asia. We determined partial sequences of Cytb (336 base pairs in length) for 41 individuals from this region. A neighbor-joining phylogenetic tree based on the Cytb sequences showed four obvious haplotype groups: 1) the Russian Far East and northern Sakhalin, 2) southern Sakhalin and the Japanese islands excluding the Ryukyus, 3) Amamioshima, the Ryukyus and 4) Laos. These Cytb clusters were fundamentally similar to the morphological differentiation and existing classification of Jungle Crow subspecies. Thus, we concluded that genetic material was probably interchanged among Jungle Crow groups even with geographic isolation due to the presence of a strait or gulf between land areas. In some cases, haplotypes and corresponding subspecies appear to be distinct even without the help of visible geographic barriers. Such subdivision probably occurred in Sakhalin because of the different ways in which this island was populated.
Introduction
The Jungle Crow, Corvus macrorhynchos, is distributed widely across eastern and southern Asia, from Sakhalin to Timor Island and from Afghanistan and India to Japan (Sibley & Monroe 1990 , Higuchi et al. 1997 , Mackinnon & Phillips 2000 . This species is subdivided morphologically into 12 to 15 subspecies, due to the wide distribution and many island and mountain isolates (Stepanyan 1990 ). However, the intraspecific taxonomy is unclear. In addition, on the basis of body size, tail pattern, bill morphology and vocalization, many ornithologists consider the species a superspecies comprising C. macrorhynchos and C. levaillantii (Mayr & Meyer 1939 , Sibley & Monroe 1990 , Mackinnon & Phillips 2000 . Other authors classify the group as C. japonensis and C. levaillantii, with both species distributed parapatrically in Nepal (Martens & Eck 1995) .
In northern Vietnam and northern Laos, the ranges of the two species overlap without hybridization, but their interaction has not yet been studied systematically in other regions.
Genetic markers would help resolve the taxonomic and phylogenetic issues concerning the Jungle Crow, particularly whether it comprises one superspecies or two species. Two studies using molecular techniques to investigate the intra-and interspecificaily phylogeographic relationships of corvine birds, involving the Jungle Crow, were recently reported (Kryukov & Ohdachi 2000 , Kryukov & Suzuki 2000 . These studies analyzed only a few Jungle Crow samples, however, such that its intraspecific phylogeny and population-level differences remain unclear. To elucidate the systematics of the Jungle Crow, the degree of local differentiation and phylogeographic relationships throughout the species' wide range must be studied.
In this paper, we describe the haplotype groups revealed by a popular molecular marker: the mitochondrial cytochrome b gene.
Materials and Methods
A total of 41 Jungle Crow individuals were collected from 12 localities in East and South Asia ( polymerase (ABI). Both DNA strands of the secondary PCR products were directly sequenced using the Big Dye Terminator Cycle Sequencing Kit (ABI) and an automated sequencer (model 310 Genetic Analyzer, ABI). We constructed a phylogenetic tree using the neighbor-joining (NJ) method (Saitou & Nei 1987) . CLUSTAL X software (Thompson et al. 1997 ) was used to perform bootstrap analysis (1,000 replications) on Cytb sequences with genetic distances computed by Kimura's two-parameter method (Kimura 1980 ) and consideration of all substitutions at all codon positions. The Carrion Crow, C. corone, was the outgroup (nucleotide sequences were acquired from GenBank, EMBL, and DDBJ databases [accession number AF094613]) .
Our Jungle Crow Cytb seauence data have been added to the GenBank, EMBL, and DDBJ nucleotide sequence databases under accession numbers AB092440 through AB 092480.
Results and Discussion
We determined the nucleotide seauences of 336 base pairs upstream of Cytb for 41
Jungle Crow individuals. In total, 18 Cytb haplotypes were obtained. We calculated pairwise genetic distances among the haplotypes by Kimura's two-parameter method (Kimura 1980) , considering all substitutions at all codon positions and biasing "almost" substitutions toward transitions. Genetic distances within the species ranged from 0.0000 to 0.0180. The neighbor-joining tree showed four main groups within these Cytb haplotypes: individuals from 1) several areas within the Russian Far East and northern Sakhalin; 2) the Japanese islands (excluding the Ryukyus but including specimens from Russian Kunashir Island and southern Sakhalin); 3) Amamioshima, the Ryukyus (including one specimen from Kagoshima, Kyushu); and 4) Laos (Fig. 2) . Although bootstrap values confirmed only the Amamioshima haplotype as a distinct haplotype group (with a relatively high bootstrap value, 82%), the other clusters tended to be separated paraphyletically with low bootstrap values (Fig. 2) . Within the cluster of the Japanese islands, no local differences in Cytb haplotype were observed (Fig. 2) . This similarity among local populations implies some genetic exchange due to seasonal migration within the Japanese islands (including Kunashir Island and southern Sakhalin).
Interestingly, the haplotypes relate individuals from northern Sakhalin with the continental Russian Far East group and southern Sakhalin individuals with the Japanese island group (Fig. 2) . These relations are quite well supported by some ornithologists, who have described two distinct groups of Jungle Crow on Sakhalin. In addition, both morphological types are thought to belong to different subspecies: the northern, C. macrorhynchos mandshuricus, and the southern, C. macrorhynchos japonensis (Nechaev 1991) . The northern subspecies differs from the southern in morphology such as bill height (Vaurie 1959 , Nechaev 1991 . Moreover, during the winter, the northern group migrates from Sakhalin to the Russian Far East across the narrow Tatarsky Gulf, while the southern group migrates to the Japanese islands across the Soya Strait ( Fig. 1;  Nechaev 1991 ). The migration routes may reflect the historical migration of each population into Sakhalin from the south and west. The classification of these two subspecies is consistent with the clustering on our molecular phylogeny (Fig. 2) . Further study should address the interaction of the two subspecies in central Sakhalin.
A similar subdivision of northern and southern morphs in Sakhalin has been reported in the bunting, Emberiza spodocephala, which is divided into two subspecies, E. s. extremiorientis and E, s. personata (Nechaev 1991) . Similar to the Jungle Crow haplotypes, discontinuous morphological gaps have been observed in the Skylark (Kuroda 1953) , woodpeckers (Kuroda 1955) , and Brandt's Jay (Kuroda 1970) . Moreover, distinct Cytb haplotypes were recently reported for northern and southern populations of Carrion Crow in Sakhalin (Kryukov & Suzuki 2000) ; the same may be true for the East-Asiatic wood mouse, Apodemus peninsulae, in Sakhalin (Serizawa et al. 2002) .
Notably, Jungle Crows in southern Sakhalin, Hokkaido, Honshu, and Kyushu showed no variation in Cytb according to geography. This result suggests that Jungle Crows move among Japanese island localities. In addition, only one of four specimens from Kagoshima, Kyushu (specimen HS2406) was part of the Amamioshima haplotype group (Fig. 2) . Thus, northern individuals in the Kagoshima population probably migrate north to the Japanese islands and southern birds south to Amamioshima, whereas the Amamioshima population may be resident. According to Higuchi et al. (1997) , subspecies with different morphological characters inhabit the Japanese islands and Amamioshima: C. macrorhynchos japonensis and C. m. connectens, respectively. Therefore, we need to reconfirm whether variations in morphology and Cytb sequence are related.
Jungle Crows from Laos exhibited a distinct haplotype, although bootstrap analysis clustered this haplotype clusters with the Russian Far East and northern Sakhalin haplotype groups (Fig. 2) . Because the Laos group differs from the other two groups only by a few substitutions in the Cytb sequence, it is unclear whether the Laos population is a distinct subspecies (presumably C. macrorhynchos colonorum) or a distinct species (C. levaillantii). Thus, morphological and genetic data should be used to reconsider the taxonomic and phylogenetic classification of Jungle Crows in tropical Asia.
Similarly controversial phylogeographic patterns have been reported for several animal species. In corvids, the Holarctic Raven, C. corax, exhibits subdivision of two local genetic forms within the morphologically uniform species (cryptic genetic variation) and also exhibits paraphyly (Omland et al. 2000) .
In conclusion, on the basis of Cytb haplotype, we revealed several distinctly subdivided populations of Jungle Crow, which correlate with their geographic distributions and morphological differences. These subdivisions confirm that mitochondrial DNA is useful for solving taxonomic problems in Jungle Crows. However, our data set (only 336 base pairs long) may be inadequate to resolve phylogenetic relationships with sufficiently high bootstrap values. Further study should focus on providing data that can elucidate the detailed evolutionary history of this species.
